This paper reports our progress in developing parallel coupled-line filters based on Si-based VLSI backend interconnects for millimeter-wave applications.
to their significant benefits such as overall chip size reduction, lower fabrication cost, as well as enhanced system performance. Meanwhile, significant progress in advanced VLSI technology [1] has made it possible to realize system-on-a-chip at millimeter-wave frequencies [2] . The concept of integrating parallel coupled-line filters with CMOS integrated circuit on silicon (Si) substrate is appealing because shorter coupling-line has shown on backend local or globe interconnects with CMOS scaling down [3] . This requirement becomes even more urgent as the operation frequency of Si communication integrated circuits (ICs) increases. However, the performance of microwave filters integrated on Si [4] suffers from the high frequency losses and crosstalk of the low resistivity Si substrate [5] . This is the fundamental limitation of Si-based RF circuits [6] . To improve the high-frequency performance of band-pass filter, in this paper, we present our recent progress in implementing the VLSI backend interconnects [7] , a novel interconnect concept for millimeter-wave silicon MMIC's using high resistivity substrate technology, which can reduce losses from Si substrate [8] . The superior performance of the parallel coupled-line filter [9] in broadband and insertion loss denotes its applicability to advanced millimeter-wave wireless communication systems.
Design and fabrication
To imitate the interconnects, such as those shown schematically in Fig. 1 , two long coupled lines were fabricated with lengths of 1 mm long and with different line-spacing of 10, 5, and 2.5 m. Different inter-metal dielectric (IMD) thickness of 0.7 or 6 m were used to simulate the local or global interconnects using metal-1 (M1) or metal-6 (M6) layers of the 1-Poly-6-Metal (1P6M) structures shown in Fig. 1 . For comparison, the simulated and measured results for a 1 mm long interconnect parallel coupled-line filter with 10 m spacing-gap on 6 m SiO 2 -isolated low-resistivity Si substrates (M6) are also plotted in Fig. 3(b) .
Experimetal results and discussion
From the measured and simulated results, we can find that the resonant 
Conclusion
High performance millimeter-wave band-pass filters based on standard VLSI backend process are successfully demonstrated. By using the high resistivity Si substrate, the parallel coupled-line filters have good characteristics such as low insertion loss, broadband, and compact size. This novelty of using VLSI backend interconnect with high resistivity substrate provides an attractive solution for low-cost high-performance wireless application up to millimeter-wave frequency range.
